The five-year-old "Longanyou" trees were used as the experimental material to study the effects of different fertilization treatments. The nutrient contents in soil and leaves, fruit yield and quality were determined, and then the correlations were analyzed. The results showed that: 1) The soil nutrient contents of 0 -20 cm depth were more than the 20 -40 cm, and the trends of nutrient contents of the 0 -20 cm soil layers were as follows: treatment 2 (T2) > treatment 3 (T3) > treatment 4 (T4) > treatment 1(T1) > control (CK). However, the 20 -40 cm depth had not significant difference between different treatments, but T2, T4 and T3 were higher than T1 and CK. It indicated that the soil effective nutrient content increased in T2 and T3. 2) Compared with the control, the content of K and B elements was improved obviously in leaves with the increase of organic manure application. The contents of P (1.60 g·kg ) were the highest, and other nutrients contents were also higher, indicating that T2 could effectively improve the leaves' nutrient contents. 3) The fruit yield per plant was the highest in T2 (95.40 kg plant −1 ), and the single fruit weight, total sugar, sugar and acid ratio, vitamin C were also the highest, but titratable acid was lower. It indicated that T2 effectively improved fruit yield and quality. 4) There were positive correlations between multiple factors of soil nutrients and the quality index, such as fruit peel thickness, total sugar, solid acid ratio, sugar and acid ratio, Vc content and single yield etc. There was significant correlation between K, B, Zn, Fe contents and fruit yield and quality index, and the contents of B, Zn and Fe in leaves were significantly correlated with soil nutrient, indicating that the contents of K, B, Zn, Fe in soil and leaf were closely related to fruit yield and quality. In sum, the T2 was the best fertilization scheme for orchard management practice of "Longanyou".
Introduction
Soil is a fundamental factor of fruit production, and fruit trees usually absorb water and nutrients by their roots, therefore fertilizers are traditionally applied into the soil. The soil nutrient elements will directly affect on growth, fruit set, retention, yield and quality improvement and the sustainable production of orchard [1] . So the efficient use of fertilizers to increase fruit yield is an important goal in all agricultural manipulation systems. However, soil fertilization also causes environmental contamination for nutrients leaching into ground water [2] , thus improving soil physical and chemical properties by the rational fertilization tillage is the efficient way to reduce the environmental pollution and increase the capacity of soil fixation and tree absorption. Moreover, plant leaves extremely sensitive respond to the soil mineral nutrient, and to a certain extent, the content of mineral nutrient in leaves can reflect the nutrient status of the trees and soil [3] . Therefore, soil and leaf nutrient have a significant effect on fruit yield and quality, and especially, the index of the content of leaf nutrient can respond to the nutritional requirements more accurately for optimum fruit yield [4] . That is, soil nutrient provides the necessary mineral elements for plant growth, and different fertilization treatments influence on the level of leaf nutrients [5] , and mineral nutrition is the material basis of fruit tree growth and development, yield formation and fruit quality improvement, so the leaf nutrient is closely related to fruit quality [6] [7] . The correlation between the soil and leaf nutrient content and fruit yield and quality, was mainly studied on apple [8] , pear [9] , navel orange [6] and so on, but there has not yet reached a uniform conclusion about the correlation. Therefore, continuing to investigate the correlation, especially focusing on improving soil physical and chemical properties, nutrition level of tree and fruit yield and quality in the different fertilization treatments, is the long-term and beneficial way to fruit production.
Citrus grandis var. longanyou is a special fruit tree in Guang'an City, Sichuan Province. It was approved as a national geographical indication protection product in 2008 [10] [11] . However, abandoned cultivation is widespread in farmers' orchard management practices; especially in hilly land zone of Guang'an, the soil fertility conditions are different and generally undesirable, which result in low nutrient flowing in tree and consequently cultivar reproductive potentials do not become evident, and eventually lead to low yield, poor quality and poor economic value. The main aim of this study was to investigate the effects of different fertilization treatments on nutrient and fruit quality of "Longanyou", and then analyze the correlation, which will directly provide the beneficial reference for "Longanyou" fertilization management.
Materials and Methods

Plant Growth Environment
The experiment was proceed in Long'an, a township of Guang'an City during 2015-2016. The average elevation is 320 m, the annual average temperature is 17.58˚C. The average temperature is 4˚C in January, it is the coldest in a year.
The average temperature is 34˚C in July, it is the hottest in a year. Frost-free has 306 -328 d, the average annual rainfall of 1240 mm, the average annual sunshine hours of 1213 h. The testing area which is a typical southwest hilly region of high temperature and rainy climate, and soil fertility is low.
Experimental Design
The experiments were conducted in a 5-year-old plantation, with a 5. 
Methods
Soil Sampling and Nutrient Elements Determination
Soil sampling and determination were done following the protocols of as described by Tang et al. [12] and Zhang et al. [13] . In each treatment 15 -20 sampling tree were chosen by "S" curve. A 200 g soil samples was collected under each tree crown at a 0 -20 cm and 20 -40 cm depth respectively, then mixed soil samples collected from 15 -20 sampling sites and a 500 g soil was selected using a diagonal sampling method.
Soil chemical properties were analyzed by traditional analytical methods as described by Bao [14] . pH of soil was determined by potentiometrically in 1:1 soil/ distilled water suspensions after shaking. Organic matter content was determined by K 2 Cr 2 O 7 oxidation external heating method. Total nitrogen (N) was determined by Semi-microkine Kjeldahl method, and alkaline N was determined by alkali hydrolysis diffusion method. Total phosphorus (P) was determined by HCIO 4 -H 2 SO 4 decomposition and Molybdenum antimony anti-colorimetric method. Total potassium (K) content was determined by HF-HClO 4 decomposition and atomic absorption method. The available P content was extracted by NaHCO 3 solution, Colorimetric method. The available K content determination uses ammonium acetate solution extraction, atomic absorption method [15] .
The effective copper (Cu), iron (Fe), manganese (Mn), Zinc (Zn) and exchangeable calcium (Ca) and magnesium (Mg) were determined by atomic absorption spectrophotometer. The effective boron (B) was determined by boiling water extraction-ICP-AES method [12] .
Leaf Sampling and Nutrient Elements Determination
Leaves samples were collected from four points of the half height canopy of the test trees, which located in north, south, east and west of the test trees. 15 healthy and mature leaves were respectively collected from the vegetative branches and bearing branches of each testing tree which have the same growth vigor, the samples were transported to the lab on ice in a cooler and stored in an icebox for elements determination. Their elements were determined following the protocols of as described by Zhuang et al. [16] and Diao [17] . The N content was analyzed by Kay type nitrogen method. The P content was determined by molybdenum antimony anti-color method. The contents of K, Mg, Fe and Zn were determined by atomic absorption spectrometry. The content of B was determined by dry ashing-imine colorimetric method. 
Sugar and acid ratio = total sugar/titratable acid.
Per fruit weight, fruit thickness, vertical diameter and transverse diameter of fruit were measured with a vermier caliper, and calculating
The fruit shape index = vertical diameter/transverse diameter.
Statistical Analysis
Data sorting with Excel, SPSS13.0 software was used for analysis of variance and correlation analysis.
Results
Soil Nutrient Contents
The effects of different fertilization treatments on the nutrient contents in different soil layers were inconsistent. Among them, the trend of nutrient content of 0 -20 cm soil layers were as follows: T2 > T3 > T4 > T1 > CK. The treatments of 20 -40 cm soil layers were not significant, but T2, T4 and T3 were higher than those of T1 and CK. The different soil layers in same treatment showed: 0 -20 cm > 20 -40 cm soil layer ( ) was significantly higher than that of T4, T1, CK and 20 -40 cm soil layer of T2. Compared with the control, the organic matter, total P, alkaline N, available P, available K, available B, available Cu, available Zn and available Mn were significantly improved in 0 -20 cm soil layer. Then T2 and T3 were beneficial to promote soil fertility levels.
Leaf Nutrient Contents
The different fertilization treatments had significant differences in the leaves' nutrient content of "Longanyou" ( Table 2 ). Compared with the control, the Note: Values within a column followed by the different lowercase letter are significantly different at 0.05 level. The same as followed.
content of K and B increased significantly with the increase of organic manure application, but had little effect on the content of P in leaf. The Zn content in the vegetative branches and bearing branches of T3 were higher. The content of P (1.60 g·kg ) were the highest, and N, K, Zn and Fe content were relatively higher than others. While the nutrient contents of control leaves' were the lowest. The nutrient contents of different branches were different, the trend was vegetative branches higher than bearing branches, but the Fe content was the opposite. Compared comprehensively, the nutrient contents of leaves in T2 were higher than others.
Fruit Yield and Quality
According to Figure 1(a) , the yield per plant of T2 was the highest, 95.40 kg plant −1 , followed by T4, and the lowest was control, only 14.13 kg plant −1 . The fruit number per tree of T3 was the highest, followed by T2, and the lowest was the control (Figure 1(b) ).
According to the comparison of the appearance quality of the fruit (Table 3) , There were significant difference in the average fruit weight among the treatments. The fruit weight of the upper layer was the largest (1736.70 g) in T2, and it was 2.01 and 2.58 times of the upper and lower in control, respectively. Then followed by T4 upper layer (1662.2 g). Moreover, the fruit peel of T2 and T4 were thicker than T1, T3 and CK, which indicating that T2 and T4 can improve the ability of anti-fungal invasion and enhance the storability, combining with the fruit weight, we suggested that T2 and T4 were benefit for increasing the production and commodity value of Longanyou.
It was observed in Table 4 that the internal quality including the converting sugar, the total sugar, the ratio of sugar to acid, and the content of Vc were the highest in the upper layer fruits of the T2, followed by the upper layer fruits of T3. Table 4 . The fruit internal quality of different fertilization treatments in Longanyou. sucrose (5.11%) were the highest in the upper fruits of T3, followed by the upper layer fruits of T2. However, Titratable acid were the highest and the contents of the soluble solids, TSS/acid ratio, reducing sugar, sugar, sucrose, total sugar, sugar/acid ratio and Vc content were the lowest in control. Therefore, it was explained that T2 and T3 were beneficial to improve the internal quality of fruit.
The Correlation Analysis of Leaf and Soil Nutrient
From Table 5 , the contents of B, Zn and Fe in leaves were significantly correlated with soil nutrient. However, the contents of N, P, K, Mg were no significant correlations with soil nutrient contents. There was a significant negative correlation between B content in leaf and pH value in soil, and positively correlated with available B, organic matter, total N, total P, available N, available P, 
The Correlation Analysis of Soil Nutrients and Fruit Yield and Quality
According to Table 6 , the pH value was negatively correlated with the fruit yield and quality index, but only the correlation between pH value and yield per plant reached significant level. There was a significant positive correlation between total K and fruit weight, and the other indexes did not reach significant level.
The contents of organic matter, total N, total P, available N, available P, available K, available B, available Cu, available Zn, available Fe, available Mn and exchangeable Mg were negative correlations with the juice yield, edible rate and titratable acid. There was a significant positive correlation with fruit weight, fruit thickness, total sugar, solid acid ratio, sugar and acid ratio, Vc content and fruit yield. There was a significant positive correlation between available B content, fruit weight, fruit thickness, total sugar, sugar and acid ratio and Vc content, and negatively correlated with juice yield, edible rate and titratable acid. The effective Fe and Zn content was negatively correlated with the juice yield, edible rate and titratable acid, which was significantly correlated with other fruit yield and quality indexes. Therefore, soil nutrients have played a very important role in improving fruit quality.
The Correlation Analysis of Leaf Nutrients and Fruit Yield and Quality
According to Table 7 , the correlation between K, B, Zn, Fe and fruit yield and quality index was significant, while the N, P, Mg were not significant correlations with the yield and quality of fruit. There was a significant positive correlation between the K content, fruit weight, fruit thickness, fruit number, fruit yield, total sugar, the ratio of sugar to acid, and the content of Vc, and negatively correlated with juice yield and edible rate. Negative correlations were shown between the B content and juice rate, edible rate and titratable acidity. The content of B was a significant positive correlation with the yield and quality of other indexes. There was a significant negative correlation between Fe content and juice yield and edible rate, and negatively correlated with titratable acid. There was a significant positive correlation with single fruit weight, single yield, fruit thickness, total sugar, and the solid acid ratio was significantly positive correlation. The content of Zn was significant negatively with the juice rate, and was negatively correlated with the edible rate, and was positively correlated with the soluble solids, fruit shape index, fruit number per plant and yield per plant. It was found that the leaf nutrient contents were negatively correlated with juice rate and edible rate.
Discussion
Effects of Fertilization on Nutrient Content and Correlations
Different fertilization treatments had a significant effect on soil nutrient content, Table 7 . Correlation between leaf nutrient and fruit yield and quality. Some researchers suggested that organic fertilizer alone significantly promote the absorption of calcium, and promote the transformation of nitrate nitrogen, adjust the soil nitrate content changes [18] . It was also suggested that organic manure could increase soil organic matter, total N, available P, available K, exchangeable Ca, exchangeable Mg, pH value and soil fertility [19] . As well as the researchers suggested that the orchard increased organic fertilizer can significantly improve the nutrient contents of leaf [20] [21] . More studies have found that the rational application of chemical fertilizers and organic fertilizers can significantly improve the soil fertility and fruit yield [22] [23].
In this experiment, the results showed that the nutrient contents in soil increased with the increase of organic manure application. The nutrient contents in T2 and T3 were significantly increased, and the soil nutrient contents of 0 -20 cm depth in T2 were the highest, which indicated that the increase of organic fertilizers was beneficial to improve soil available nutrient, and organic fertilizers with chemical fertilizers were better (T2). Furthermore, the nutrient contents of vegetative leaves in T2 were also the highest. It indicated that most of the nutrients in the tree came from the soil, and the leaf nutrient was closely related to the soil nutrient [24] . In addition, the results showed that the Mg content in the leaves was positively correlated with the available N and available Fe, and negatively correlated with other parameters, which indicated that the Mg deficiency in leaves was not only caused by the corresponding elements in the soil, and applying single fertilizer could not meet the tree's requirement for nutrient [25] .
The results also showed that there was a positive correlation between Fe, B content in leaves and soil nutrient content, it indicated that soil nutrients directly affect the Fe and B nutrient content in leaves, and fertilization could significantly improve to the nutrient level in leaves. There were many factors that affect the relationship between soil and leaf nutrient, but there has not yet reached a uniform conclusion about the correlation in the existing reports. Thus the specific relationship and the reasons need to be further studied.
Effects of Fertilization on Fruit Yield and Quality and Correlations
The nutrient of leaf and soil had significant effect on fruit yield and quality, especially the index of leaves' nutrient content can respond to the nutritional requirements more accurately for optimum fruit yield [4] . Zang et al. suggested that the application of organic fertilizer can increase the soluble solids, Vc content and solid acid ratio, reduce the content of titratable acid [26] . Wang et al.
suggested that the application of different ratio of compound fertilizer is enable to improve the yield and quality of citrus [27] . Marathe reported that the application of FYM (to supply 50% N) + 50% RDF (1000 g N + 400 g P 2 O 5 + 400 g ) was optimum for sustaining higher fruit yield and quality of sweet orange [28] . In this study, the fruit and yield were the highest, the fruit peel was thicker, and the content of sugar, total sugar, Vc and rate of sugar and acid were the highest in T2, it indicated that T2 can improve the ability of anti-fungal invasion and enhance the storability [29] .
The relationship between soil or leaf nutrient content and fruit yield and quality was complex. Zhang et al. found that available P in soil had the greatest effects on fruit quality, followed by K, N, and P in leaf could significantly increase the content of Vc and sugar, but reduce acidity, while Mg and B increase the acidity of fruit [30] . In addition, researchers have suggested that the content of soluble solids in fruit was negatively correlated with soil pH value, and there was a significant positive correlation with soil organic matter, available N, Fe, Mn and Zn. The content of Vc in fruit was positively correlated with soil pH and available K, and negatively correlated with soil organic matter and other nutrient contents [4] . It has also been suggested that most of the nutrients in citrus leaves were negatively correlated with the soluble solids of fruit quality, and positively correlated with Vc content [31] . In this study, we found that the content of available K, B, Fe and Zn in soil increased the content of mineral elements in leaves, which increased fruit peel thickness, fruit weight, total sugar and Vc content etc. The similar results have been reported by Aula et al. [32] , Khayyat et al. [33] , Patel et al. [34] and Asadi et al. [35] . Meanwhile, B, Fe, Zn content and titratable acid were significantly negatively correlated, it indicated that it could increase sugar and reduce acid content with increasing B, Fe, Zn content, Furthermore, the content of B and Zn was positively correlated with the soluble solid, and the content of available B and Zn was helpful to increase the soluble solids content of fruit. Therefore, foliage spraying K, B, Fe, Zn appropriately is the effective way for improving fruit yield and quality in the orchard fertilization practice.
